A study was conducted to compare growth performance and behaviors of group-farrowed pigs with those of confinement-farrowed pigs. A total of 216 pigs (8 wk of age) were used, with an equal number of group-farrowed or confinement-farrowed pigs from 1 farrowing batch. Group-farrowed pigs were farrowed in bedded, individual pens and mingled into a group of 8 litters at 12 (±1.3) d of age. Pigs were weaned at 33 (±1.3) d and remained in the farrowing room until 8 wk of age. Confinement-farrowed pigs were farrowed in farrowing crates. At weaning (32 ± 2.0 d of age), confinement-farrowed pigs were mixed and moved to pens of 9 pigs in a confinement nursery and remained there until 8 wk of age. At 8 wk of age, pigs from the 2 housing systems were allocated to 24 pens of 9 pigs in a confinement growing-finishing barn, with 12 pens from each of the housing systems. Within farrowing system, pigs from different groups or pens were mixed upon entering the growing-finishing barn. Individual BW was recorded at allotment (wk 0) to the growing-finishing barn and every 2 wk thereafter for 14 wk. Feed intake and G:F were monitored on a pen basis every 2 wk between wk 0 and 14 of the study period. Behaviors of pigs were video recorded in 6 pens of each housing treatment for 24 h on the day of mixing (d 0), d 7, and d 14 after mixing in the finisher barn. The video recordings were scanned at 5-min intervals to calculate behavioral time budgets for lying, standing, eating, drinking, and belly nosing. Data were analyzed using the Proc Mixed model of SAS with repeated measures. Compared with confinement-farrowed pigs, group-farrowed pigs spent more time lying (85.7 vs. 82.7%; SE = 0.75; P < 0.001) and belly nosing (0.05 vs. 0.02%; P < 0.05) and less time standing (5.8 vs. 7.5%; SE = 0.49; P < 0.01) and eating (7.3 vs. 9.3%; SE = 0.40; P < 0.001). The difference in behavioral time budgets was associated with differences in performance of pigs from the 2 housing systems. Group-farrowed pigs exhibited greater ADG (866 vs. 814 g; SE = 10.3; P < 0.01) for the initial 2 wk after mixing, less ADFI (2,004 vs. 2,188 g; SE = 42.5; P < 0.05), and improved G:F (0.431 vs. 0.393; SE = 0.0078; P < 0.01) for the entire 14-wk study period compared with confinement-farrowed pigs. These results suggest that group-farrowed pigs were more efficient than confinement-farrowed pigs in utilizing dietary energy for BW gain by lying more and standing and eating less during the growing and finishing period.
INTRODUCTION
Group-farrowing systems have been developed as an alternative to farrowing crates to address concerns about sow welfare during farrowing (Edwards and Baxter, 1990 ). Because group-farrowing systems are designed to accommodate natural behaviors performed by sows during farrowing and lactation, research on group-farrowing systems usually focuses on behavior and performance of sows (Weng et al., 2009; Baxter et al., 2010; Li et al., 2010) . However, effects of groupfarrowing systems on piglets that are born and reared in these systems are not usually studied (Pedersen et al., 1998) . Piglets are the end product of a farrowing system, and the quality of these piglets at weaning affects their welfare and performance in later stages of production (Pajor et al., 1991; Wellock et al., 2003) . Therefore, understanding the effects of group-farrowing systems on subsequent performance of piglets produced in these systems is necessary to properly evaluate a pork-production system.
Group-farrowed piglets are usually exposed to a large and complex environment and can interact with other litters in early life (Baxter et al., 2010) , which may affect their behavioral development (Hillmann et al., 2003) . In addition, piglets in group-farrowing systems are weaned in their large home pen by removing sows, which can alleviate weaning stress associated with mixing and moving (Hessel et al., 2006) . Both the change in behavioral development and reduced weaning stress can consequently affect behaviors and performance during later stages of production in group-farrowed pigs (De Jonge et al., 1996; Olsson et al., 1999) . Previous studies (Bünger et al., 2001; Hillmann et al., 2003) investigated effects of group-farrowing systems on behavior and performance of pigs only during early postweaning stages and did not evaluate long-term effects. To evaluate long-term effects of farrowing system on welfare and performance of pigs, we compared behavior and performance during the growing and finishing period of pigs that originated from a bedded, group-farrowing system with that of pigs that originated from farrowing stalls.
MATERIALS AND METHODS
The Institutional Animal Care and Use Committee of the University of Minnesota reviewed and approved the experimental protocol for this study.
Animals, Facilities, and Management
The study was conducted at the University of Minnesota West Central Research and Outreach Center. All sows (Yorkshire × Landrace) were group housed during gestation at the research center. Gestating sows were housed in groups of 15 in a straw-bedded hoop barn with access to individual stalls. Pigs farrowed by 38 sows in 1 breeding batch were assigned to this study. Among the 38 sows, 24 and 14 sows farrowed in a group-farrowing and a confinement-farrowing barn, respectively. In the group-farrowing barn, 8 sows from 1 gestation pen were housed in each of 3 identical rooms (9.8 m × 11.0 m), where they farrowed in bedded, individual pens and shared 2 feeders (4 feeding spaces each) and 2 cup drinkers in a communal area. Farrowing pens were removed at 12 ± 1.3 d after farrowing so that sows and their piglets within each room mingled in a large group on bedded floors. Between pen removal and weaning (33 ± 1.3 d of age), creep feed was provided in a 5-space nursery feeder in a creep area (2.0 m × 2.4 m). This practice was performed according to the standard operation procedure of the swine unit at the West Central Research and Outreach Center to compensate low-ranking piglets for possible missed nursing events in the group-farrowing housing system. Average daily disappearance of creep feed was 35 ± 2.5 g/piglet in each farrowing room. Piglets were weaned by removing sows, and piglets remained in the farrowing barn until 8 wk of age. In contrast, sows in the confinementfarrowing barn were housed in farrowing stalls (0.6 m × 2.0 m) with a creep area (0.75 m × 2.0 m) on each side and plastic-coated, woven-wire floors. No creep feed was provided to piglets in the confinement-farrowing barn according to the standard operation procedure. At weaning (32 ± 2.0 d of age), confinement-farrowed piglets were moved to a nursery barn where they were mixed and housed in pens of 9 on slotted plastic floors until 8 wk of age. A nipple drinker and a 5-space feeder were present in each pen of the nursery barn. Between weaning and 8 wk of age, pigs were provided the same diets in the 2 housing systems.
Born-alive litter size was 11.4 ± 0.7 and 11.0 ± 0.9 in the group-farrowing and confinement-farrowing systems, respectively. At weaning, litter size was 10.1 ± 0.3 and 9.4 ± 0.4 in the group-farrowing and confinement-farrowing systems, respectively. Between weaning and 8 wk of age, ADFI was 760 ± 61 and 532 ± 65 g for pigs in the group-farrowing and confinement-farrowing systems, respectively. At 8 wk of age, average group size of pigs was 81 ± 2.6 in each farrowing room.
The study began when pigs were 8 wk old. A total of 216 healthy pigs (108 from each farrowing system) were selected for the study. For group-farrowed pigs, 16 female and 20 castrated male pigs were identified randomly within each room. For confinement-farrowed pigs, 48 female and 60 castrated male pigs were selected randomly from 14 pens in the nursery barn. All pigs were moved to 1 room of a confinement-finisher barn that contained 24 pens. Group-farrowed pigs were assigned randomly to 12 pens and confinement-farrowed pigs were assigned to the remaining 12 pens. Within each farrowing system, 9 pigs (4 females and 5 castrated males) were allocated to each pen of the finisher barn and remained there for 14 wk. To maintain a constant degree of familiarity among penmates, each finishing pen consisted of 3 pigs from each of 3 groupfarrowing rooms or 3 nursery pens. Litter of origin was not considered in the allotment of pigs because of its limited effects on aggression at mixing (Puppe, 1998; Stookey and Gonyou, 1998) . Each finishing pen (1.6 m × 4.7 m) was equipped with 1 nipple drinker and a 4-space dry feeder on fully slatted concrete floors. Space allowance was 0.76 m 2 /pig, excluding space occupied by the feeder.
During the 14-wk period of the study, room temperature was controlled by ventilation fans and a heater to achieve temperature as near as possible to the thermoneutral zone for pigs. Light period was 8 h starting from 0700 h, with an emergency light on during the dark period. Pigs had ad libitum access to corn-soybean meal-based mash diets. Five diets (for BW ranges of <30 kg, 30 to 50 kg, 50 to 70 kg, 70 to 90 kg, and >90 kg) were fed during the growing and finishing period to exceed the nutritional requirements of pigs based on NRC (1998) recommendations. Room temperature, feeders, drinkers, and animal health were checked twice daily throughout the study.
Measurements
Growth Performance. Before the start of the study, all pigs in the 2 farrowing systems were weighed individually at birth and at weaning. Pigs that were selected for the study were weighed individually at the allotment (wk 0) to the finisher barn, every 2 wk thereafter, and at the conclusion of the study at wk 14 to obtain initial and final BW, CV for initial and final BW within each pen, and ADG. Apparent feed intake was monitored on a pen basis at the same time that the pigs were weighed.
Behavior. Six pens that originated from each farrowing system were selected randomly for behavioral recording. Behavior of pigs was video recorded using digital cameras (Hi-Res Bullet Cams 2505, Sony, Taipei, Taiwan) and a computer equipped with a video device and video-recording software (Geo Vision Multicam Digital Surveillance System V8.2, USA Vision Systems Inc., Irvine, CA). The video recording was conducted on a real-time lapse model for 24 h on the day of mixing (d 0), d 7, and d 14 after mixing. On d 0, video recording began immediately upon completion of mixing at about 1100 h. All video recordings were viewed by 1 trained observer to eliminate inter-observer discrepancies. The observer was blind to treatment to eliminate subjective bias. Instantaneous scan sampling of each pen in 5-min intervals throughout a 24-h period was performed to determine the number of pigs that were eating (head in feeder for more than 5 s), drinking (nose or mouth touching drinker for more than 5 s), lying (lateral or ventral recumbency), standing (4 legs upright), or belly nosing (the distinctive, rhythmic, up-and-down movement of a pig rubbing the belly of another; Fraser, 1978) . These behaviors were mutually exclusive. In total, each pen was scanned 288 times during each observation day.
Data Analysis
Behavioral time budgets for eating, drinking, lying, standing, and belly nosing were expressed by time spent on each behavior as a percentage of total observation time on each day (Martin and Bateson, 1993) . Behavioral data were summarized for 24 h of each observation day. Growth performance data (ADG, ADFI, and G:F) were summarized for each 2-wk period.
The Proc Mixed model (SAS Inst. Inc., Cary, NC) was used to test effects of farrowing system on all response variables. All residual data sets were tested for normal distribution using Proc Univariate of SAS. Time budget for belly nosing was not normally distributed, and logarithm transformation [log 10 (x + 0.5) + 0.5] was used to achieve normal distribution. For transformed data, both actual and transformed least squares means and statistics of transformed data are presented in the results. Because initial BW was different between group-farrowed and confinement-farrowed pigs, initial BW was included in all models as a covariate to test effects of initial BW on response variables. The covariate explained a meaningful portion (P < 0.01) of variation in ADFI and G:F but had no relationship (P > 0.10) to other variables. The statistical model for analysis of ADG, ADFI, and G:F included farrowing system, week, and their interactions as fixed effects and pen as a random effect. Performance data collected repetitively were treated as repeated measures. For behavioral data analysis, the model included farrowing system, observation day, and their interactions as fixed effects and pen as a random effect. Behavioral data collected repetitively over the 3 observation days were treated as repeated measures. In all cases, pen was the experimental unit and differences between means were tested by PDIFF with the Tukey adjustment. Significant differences were identified at P < 0.05 and trends at P < 0.10.
RESULTS
Six male pigs (1 from each of 6 pens) were removed because of health problems after 8 wk of the study in the finisher barn. Among the pigs removed, 2 were group-farrowed pigs (1 was lame and 1 was sick) and 4 were confinement-farrowed pigs (all sick). The remaining animals were healthy throughout the study. Behavioral data were collected on all animals. Growth performance data during the first 8 wk were collected on all 216 pigs, and the performance data after wk 8 were collected on the remaining 210 pigs.
Performance
Group-farrowed pigs were heavier than confinementfarrowed pigs at the start of the study at wk 0 (P < 0.001; Table 1 ) and at the end of the study at wk 14 (P < 0.001). The average within-pen CV for the initial and final BW of pigs from the 2 farrowing systems was not different.
Interactions between farrowing system and period for ADG were significant (P < 0.01). The ADG of groupfarrowed pigs was greater (P < 0.01) during the first 2 wk of the study than that of confinement-farrowed pigs. Between wk 2 and 8, ADG of pigs from the 2 farrowing systems was not different. Between wk 8 and 14, however, ADG of group-farrowed pigs was less (P < 0.001) than that of confinement-farrowed pigs. For the entire 14-wk period of the study, ADG of pigs from the 2 farrowing systems was not different. The ADFI of groupfarrowed pigs was not different from that of confinement-farrowed pigs for the first 2 wk and between wk 2 and 8. Between wk 8 and 14, ADFI was less (P < 0.05) for group-farrowed pigs than for confinement-farrowed pigs. For the entire 14 wk, ADFI was less (P = 0.03) for group-farrowed pigs than for confinement-farrowed pigs. The G:F was greater for group-farrowed pigs (P < 0.01) than for confinement-farrowed pigs for the entire 14-wk period. No interactions were found between farrowing system and period for ADFI or G:F.
Behavior
Interactions of farrowing system and observation day were not evident for time budgets of any behaviors observed (P > 0.10). Therefore, main effects of farrowing system and observation day on behavioral time budgets are presented (Table 2) . Compared with confinement-farrowed pigs, group-farrowed pigs spent more time lying (P < 0.001) and less time standing (P = 0.01) and eating (P < 0.001). Group-farrowed pigs exhibited greater belly nosing (P = 0.02) than confinement-farrowed pigs. Time spent lying (P < 0.001) and belly nosing (P = 0.03) was increased and time spent standing (P < 0.001), eating (P < 0.001), and drinking (P < 0.001) was decreased from d 0 to d 7 and 14 after mixing.
DISCUSSION
One of the major findings in this study was that group-farrowed pigs spent more time lying and less time standing and eating during the first 2 wk after mixing in the finisher barn. One could argue that the difference in time budgets for these behaviors resulted from the difference in initial BW between pigs from the 2 farrowing systems; pigs spend more time lying as their BW increases (Ekkel et al., 2003) . Because initial BW covariate was not significant in the analysis of any behavioral responses, it appears that the small difference in initial BW was not associated with differences in behavioral time budgets in the current study. Instead, the difference in time budgets for these behaviors might be associated with differences in behavioral development between pigs from the 2 farrowing systems. De Jonge et al. (1996) and Hillmann et al. (2003) reported that farrowing systems could affect behavioral development in pigs. Hillmann et al. (2003) reported that piglets that were housed in a group-farrowing system were better adapted to nonsocial and social challenges and were less aggressive toward unfamiliar piglets at weaning compared with piglets that were housed in individual farrowing pens. De Jonge et al. (1996) noted that social interactions among piglets of different litters in groupfarrowing systems could enhance behavioral development of pigs, which can improve stress resistance of these pigs in later life. De Jonge et al. (1996) reported that, compared with confinement-farrowed pigs, pigs 1 The group-farrowing system was a straw-bedded barn where 8 sows farrowed in individual farrowing pens and shared a communal feeding and dunging area. The confinement-farrowing system was a barn with farrowing stalls.
2 Pen was the experimental unit (9 pigs/pen). 3 Piglets were weighed individually within 24 h after birth. 4 Pigs were weaned at 5 wk of age. 5 The study began when pigs were 8 wk of age. 6 The initial BW was used as a covariate in data analysis.
farrowed in groups in outdoor systems gained more BW and exhibited early puberty and reduced basal cortisol concentrations, suggesting that exposure to outdoor complex environments in early life (prenatal or neonatal) could contribute to resistance to stress and consequently improve performance in adulthood. In contrast, Lammers and Schouten (1985) and Olsson et al. (1999) reported that pigs reared under crowding and barren conditions exhibited more aggressive and less threatening behaviors and increased cortisol concentrations when encountering an opponent, which indicates poor social development of these pigs. These authors suggest that changes in behavioral patterns in early life can influence pig behavior into adulthood. Pigs reared in complex environments can be less susceptible to stressors, but pigs reared under barren conditions can be more susceptible to stressors (De Jonge et al., 1996; Olsson et al., 1999 ). In the current study, the complex rearing conditions may have enhanced behavioral development in group-farrowed pigs, which consequently reduced susceptibility to stress at mixing. It appears that group-farrowed pigs were less susceptible to stress at mixing because they spent more time lying and less time standing, which implies more time resting and less time fighting, compared with confinement-farrowed pigs during the initial 2 wk after mixing. In fact, pigs from the group-farrowing system did fight for shorter periods of time on the day of mixing compared with confinement-farrowed pigs; the results of aggression are reported separately (Li and Wang, 2011) . The difference in time budgets for lying, standing, and eating during the first 2 wk was associated with differences in growth performance of pigs from the 2 farrowing systems. Group-farrowed pigs had greater ADG during the initial 2 wk of the study compared with confinement-farrowed pigs. This is in agreement with the result reported by Bünger (2002) that group-farrowed pigs were more uniform and heavier than pigs farrowed in single-farrowing pens at 70 d of age. The increased ADG was not associated with changes in ADFI during the same period, indicating that our group-farrowed pigs were more efficient in utilizing dietary energy for growth. In addition, group-farrowed pigs spent less time eating while maintaining the similar amount of ADFI compared with confinement-farrowed pigs. One explanation could be that the pigs were eating faster. Pigs usually eat faster as their group size increases (Hyun and Ellis, 2002) . Rauw et al. (2006) noted that pigs that eat faster also grow faster. Compared with lying behavior, activities such as eating and standing consume more energy in pigs (Kelley et al., 1978; van Milgen et al., 1998) . Differences in these behaviors may result in different energy expenditure and consequently result in differences in energy retention for growth (van Milgen et al., 1998) . In other words, by spending more time lying and less time standing and eating, group-farrowed pigs might retain more dietary energy toward BW gain and spend less energy on physical activities, which can contribute to greater G:F compared with confinement-farrowed pigs (Wellock et al., 2003) . It appears that the improved ADG of group-farrowed pigs was evident for only the initial 2 wk after mixing. Between wk 2 and 8, ADG and ADFI were not different between group-farrowed and confinement-farrowed pigs. During the last 6 wk of the study, however, ADG and ADFI of group-farrowed pigs were less compared with those of confinement-farrowed pigs, indicating that confinement-farrowed pigs grew faster than groupfarrowed pigs after overcoming initial stress caused by mixing. Li and Johnston (2009) noted that effects of mixing on ADG in growing pigs can be overcome in 6 wk. For the entire 14-wk period of the study, ADG was not different but ADFI was reduced for group-farrowed pigs compared with confinement-farrowed pigs. The re- Means within a row with different superscripts differ (P < 0.05).
1
Interactions of farrowing system and day of mixing were not significant for any behavioral variables (P > 0.10). Pen was the experimental unit (9 pigs/pen).
2
Behaviors were defined as lying (lateral or ventral recumbency), standing (4 legs upright), eating (head in feeder for more than 5 s), drinking (nose or mouth touching drinker for more than 5 s), and belly nosing (repetitively nosing the belly of other pigs). These behaviors were mutually exclusive. Values are time spent lying, standing, eating, drinking, and belly nosing as a percentage of a 24-h period.
duced ADFI of group-farrowed pigs was associated with greater G:F for the entire 14 wk of the study compared with confinement-farrowed pigs. These results suggest long-term effects of farrowing system on growth performance. In agreement with our results, previous studies (Meaney et al., 1991; Schouten, 1991; De Jonge et al., 1996) in several species indicate that environments in early life can affect growth performance, reproductive performance, and immunity in adulthood.
In the current study, group-farrowed pigs spent more time belly nosing than confinement-farrowed pigs. Belly nosing has been suggested as a general behavioral indicator of stress, usually caused by early weaning or certain aspects of feeding and drinking in newly weaned piglets (Widowski et al., 2008) . However, compared with newly weaned piglets (Li and Gonyou, 2002) , the incidence of belly nosing in group-farrowed pigs in this study was very low and did not cause any skin lesions or reduction in growth performance.
Time spent lying was increased and time spent standing, eating, and drinking was decreased from d 0 to d 7 and 14 after mixing pigs in the finisher barn. This likely resulted from the resolution of social conflicts among pigs on d 7 and 14. Most social conflicts can be resolved within 24 h after mixing (Schmolke et al., 2004; Li and Johnston, 2009 ). The reduction in social disturbance could contribute to increased lying time and decreased time budgets for other activities (Li and Johnston, 2009) . No interactions of housing and day after mixing for behavioral time budget were observed in this study. This suggests that differences in behavioral time budgets of pigs from the 2 farrowing systems were consistent across the observation days.
In this study, initial BW of group-farrowed pigs was greater than that of confinement-farrowed pigs. This suggests that pigs in the group-farrowing system grew faster than pigs in the confinement system during the first 8 wk after birth. Factors that contributed to the greater growth rate of group-farrowed pigs during the first 8 wk after birth may include intake of creep feed, facilitated feeding behavior by the sow during the lactation period, and reduced weaning stress because pigs were not moved and mixed at weaning (Bünger et al., 2001 ). In the current study, group-farrowed pigs were provided with creep feed after removal of farrowing pens. This practice was performed in most group-farrowing systems to alleviate distress of piglets during comingling into a large group with other litters (Pajor et al., 1999; Baxter et al., 2010) . Bünger et al. (2001) reported that piglets in group-farrowing systems consumed more solid feed and consequently had greater growth rate before and after weaning compared with pigs from individual-farrowing pens. In our study, group-farrowed pigs were heavier at both weaning and start of the study than confinement-farrowed pigs. The heavy initial BW of group-farrowed pigs was associated with heavy final BW at the end of the study. This is consistent with results reported by Pajor et al. (1991) that BW at weaning and BW gain immediately after weaning can affect the growth of the piglets until the end of the fattening period.
In conclusion, results of this study suggest that a group-farrowing system can affect behavior and performance of pigs during the growing and finishing period. Group-farrowed pigs spent more time lying and less time standing and eating compared with confinementfarrowed pigs when moved and mixed in a finisher barn. These behavioral changes were associated with improved ADG during the initial 2 wk after mixing and less ADFI and greater G:F for the entire 14 wk of the growing and finishing period compared with that of confinement-farrowed pigs.
